SUMMARY Conduction block was detected in patients with neuropathy by measuring a decrease in the size of the compound muscle action potential of more than 20% on proximal versus distal stimulation of the peroneal, median or ulnar nerve in the absence of excess temporal dispersion of the potential. The teased fibre analyses of nerve biopsies from four patients with "definite" and six patients with "probable" conduction block and from seven patients with neuropathy but without conduction block were compared. All patients with conduction block had significant demyelination (X% demyelinated and remyelinated fibres = 50%) while those without conduction block did not (X = 5.0%). Demyelination is the pathological basis of conduction block in human neuropathies.
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Conduction block, the arrest of transmission of action potentials in intact axons, is one of the most important physiological consequences of experimental demyelination. ' 2 While the clinical importance of conduction block has been noted previously,35 only recently have systematic sudies of conduction block been made in human neuropathies.6-'0 This study examines the pathological basis of conduction block in human neuropathies.
Methods

A Patients
The electrophysiological studies of patients who had nerve biopsies were reviewed, excluding those with familial neuropathies. Those patients whose clinical electrophysiological studies showed evidence of conduction block were placed in group I (n = 10), while those without evidence of conduction block were placed in group II (n = 7) with the object of looking for significant distinctions between the morphological characteristics of the nerve fibres in the two groups. The patients in group I all had generalised symmetrical sensorimotor polyneuropathy. Eight patients had chronic progressive demyelinating neuropathy, one had chronic relapsing demyelinating neuropathy and one had acute Guillain-Barre polyneuropathy (table) . None had the multifocal form of chronic progressive demyelinating neuropathy.9 Biopsies in all patients but one (CB) were done prior to treatment, when the clinical deficits were severe. All those in group II were found to have "axonal" neuropathies. B Electrophysiological studies Maximum motor conduction velocities were determined for the peroneal, ulnar and median nerves using conventional techniques. 6 Conduction block was assessed by measuring and comparing the peak-to-peak (p-p) amplitudes, negative peak (-p) and p-p durations and the -p areas of the maximum "M' potentials elicited by percutaneous supramaximal stimulation of a motor nerve at two sites, one within 50-100 mm of the motor point and the other 200 mm or more proximal to the distal stimulus site (fig 1) . These two sites were the wrist and elbow in the case of the median and ulnar nerves and ankle and fibular head in the case of the peroneal nerve. The recordings in each case were made with surface electrodes, the stigmatic electrode of which was positioned over the innervation zone for the respective hypothenar, thenar and extensor digitorum brevis (EDB) muscles. Negative peak areas were measured using a digitizer.
Our criteria for definite conduction block included: (1) a greater than 20% reduction in the p-p amplitude, and (2) an increase in the -p duration of no more than 15% of the maximum "M' potential elicited by stimulation at the proximal site compared to that evoked by distal stimulation.
In cases where there was a greater than 15% increase in For the best correlation between morphological changes and the conduction studies, the peroneal nerve was preferred. Unfortunately, in most cases, such a direct comparison of biopsy and physiological studies in the peroneal nerve was not feasible because too few extensor digitorum brevis motor units were excitable at the ankle (<5 motor axons using the incremental stimulation technique) to make a meaningful assessment of conduction block between the fibular head and ankle stimulus site possible. However, the physiological findings in these cases were those of generalised symmetrical polyneuropathy and conduction block was usually found in several nerves, suggesting that the peroneal nerve would provide a reasonably representative sample of the underlying morphological abnormalities.
C Histological studies Nine patients had a combined biopsy of the superficial peroneal nerve and the lateral fascicles of the deep peroneal nerve. One patient (RK) had a sural nerve biopsy. The patients in group II all had deep and superficial peroneal nerve biopsies. The nerves were fixed in glutaraldehyde, processed and embedded in epon for light and electron microscopy. A portion of each specimen was also teased either in glycerin or in unpolymerised epon. At least 100 myelinated fibres were teased and graded according to Dyck." Fibre categories C (paranodal demyelination), D (segmental demyelination) and F (remyelination) were totalled to provide an overall index of demyelination.
Results
Four patients fulfilled the criteria for "definite" conduction block in at least one motor nerve (fig 2  and table) . In three of four cases the reductions in -p area paralleled the reduction in p-p amplitude. In six patients the increase in -p duration between the proximal and distal stimulus sites exceeded 15%, indicating a greater than normal degree of temporal dispersion (fig 3 and table) . These increases in 'p duration were, however, accompanied by a greater than 30% reduction in the p-p amplitude of the maximum "M potential and as a consequence were taken to indicate that conduction block was probably present. In five of these six cases the amplitude reductions were accompanied by closely matching reductions in the -p area of the maximum " N' potentials between the two stimulus sites. In these cases, clinical recovery after treatment was paralleled by recovery from conduction block. One example is shown ( patient JE, fig 3) , where neurophysiological testing at a later date, revealed a remarkable reversal of the "probable" conduction block seen at the time of the initial study.
All the nerve biopsies of those patients considered to have "definite" or "probable" conduction block 0 RH U c RK P ' Needle EMG showed occasional enlarged motor unit potentials (increased duration and amplitude) in the tibialis anterior, extensor digitorum brevis and longus and gastrocnemius muscles. Motor and sensory conduction velocities were within the 2 SD lower limits established for control subjects in the ulnar and median nerves. As well, the amplitudes of the sensory nerve action potentials and the maximum sensory conduction velocities from the sural and superficial peroneal nerves were within the 2 SD limits of controls. The maximum motor conduction velocity in the right peroneal nerve was mildly reduced (38 mJs; normal >40-0) and the motor terminal latency slightly prolonged (5.7 m/s; normal <5.0).
The most significant physiological abnormality seen was conduction block (fig 2) . The amplitude and -p area of the extensor digitorum brevis maximum "N ' potential elicited by supramaximal stimulation of the peroneal nerve at the fibular head were both reduced by 47% compared to those from stimulation at the ankle. These findings and the fact that the duration of the negative peak of the " ' potential was increased by less than 15%, were taken to indicate that conduction block was definitely present.
The deep peroneal nerve biopsied just proximal to the ankle showed a normal density of myelinated fibres (7,396/mm2) and a normal myelinated fibre size range. Occasional thinly myelinated fibres were observed in cross section. However, examination of teased fibres (table) disclosed a high proportion (22%) of demyelinated and remyelinated fibres. This confirmed the diagnosis of chronic demyelinating neuropathy and correlated with the physiological finding of conduction block despite the relative normality of the motor and sensory conduction velocities and the amplitudes of the sensory potentials. Of the several functional consequences of demyelination known to occur in human and experimental demyelinating neuropathies,l conduction block must certainly rank as one of the most important causes of clinical deficits. Slowing of conduction and the associated desynchronisation of transmission of impulses in motor axons would not by themselves be expected to result in weakness. Indeed, severe slowing of conduction velocity is quite compatible with the maintenance of good strength as shown by studies of families with hereditary motor sensory neuropathy, type 1.12 However, temporal dispersion probably does contribute to some non-disabling features of demyelinating neuropathies such as areflexia and lost vibration sense. '3 Despite its importance, conduction block, until recently, has received relatively little attention in studies of human demyelinating neuropathies, possibly because of the difficulties faced by the clinical electrophysiologist in its assessment. One of the chief technical difficulties is that, as recorded extracellularly in volume, the component motor unit potentials are necessarily tri-or biphasic. Hence, any appreciable differences in the timing of the discharges of the component motor unit potentials (MUPs) such that opposite phases of different MUPs overlap, will necessarily result in some reduction in the size (amplitude and area) of the compound action potential. The magnitude of such phase cancellations will depend, among other factors, on the differences in the conduction velocities of the component MUPs and the distance proximal to the motor point at which the nerve was electrically stimulated. In normal human motor nerves there is little reduction in the maximum "M"' potential p-p amplitude or -p area even over appreciable conduction distances of 400-600 mm.6 In addition, computer simulation studies strongly suggest that the maximum "MN' potential is dominated by the numerically small group of large motor units with fast-conducting axons (Brown and Yates, unpublished) . Such simulation studies suggest that conduction block in appreciable numbers of axons to small motor units has little impact on the size of the "M' potential, whereas block in a similar number of the faster conducting fibres generating the larger MUPs produces a relatively much larger reduction in the size of the maximum "M" potential.
The preceding factors, namely the types of motor axons affected, the conduction distance and differences in the conduction velocities of the motor axons whose impulses remained unblocked, should all combine to make the electrophysiologist cautious in ascribing reduction in "M' potential size as the Feasby, Brown 
